Simultaneous enhancements of low-energy ions and negative particle fluxes due to the impact of the Apollo 14 Lunar Module were observed by the lunar-based Charged Particle Lunar Environment Experiment (CPLEE). 'I'he impact occurred 66 kilometers distant from CPLEE, and the time delay between impact and flux onset was approximate.1--minute. It is argued that the observed charged particles could not have been energized at the instant of impact, but rather that the impact produced expanding gas clouds, and that constituents of these clouds were ionized and accelerated by some continuously active acceleration mechanism. It is further shown that the acceleration mechanism could not have been a static electric field, but rather is possibly a consequence of interaction between the solar wind and the gas cloud.
The Apollo 14 Lunar Module Antares ascent stage impacted on the lunar surface on February 7, 1971 at 00 hours, 45 minutes, 24 seconds GMT. Shortly after the impact, a lunar-based charged particle detector based 66 km distant detected fluxes of low-energy positive ions and negative particles with intensities a factor of 10 greater than the ambient fluxes.
The ion and electron enhancements exhibited near-perfect temporal simultaneity, and we report here preliminary studies of these impact-produced plasma clouds.
The measurements were made with the Charged Particle Lunar Environment Experiment (CPLEE) deployed as part of the Apollo 14 ALSEP instrument array at Fra Mauro. The CPLEE instrument is conceptually similar to the device code-named SPECS, described in detail by O'Brien, et al. (1967) . Two identical particle analyzers are housed in the unit. One, labeled Analyzer A, is pointed toward the local vertical and the other, labeled Analyzer B, is pointed 60° from vertical toward lunar West.
We refer the reader to O'Brien, et al. (1967) for a detailed description of the particle analyzers and report here a few salient features of the instrument relevant to this report. Charged particles are deflected by a set of electrostatic deflection plates according to energy and charge sign into the apertures of an array of 6 channel electron multipliers, and at a given deflection plate voltage an In Figure 1 are shown the counting rates of channel 6 of As can be seen from Figure 1 , the counting rates prior to and during Antares impact were reasonable constant, and in fact examination of subsequent data have shown that these fluxes represent an ambient population of photoelectrons which are present ~henever the lunar surface in the vicinity of CPLEE is illuminated.
(We note as proof of this assertion that these ambient fluxes disappeared entirely during the total lunar eclipse occurring a few days later on February 10, 1971).
However, beginning at T + 48 seconds a series of pronounced increases in both the ion and negative particle fluxes was observed, with the data dominated by two major enhancements centered at T + 58 seconds and T + 74 seconds, respectively.
As the enhancements were observed simultaneously in particles of both charge types, we refer to these events as plasma clouds. as great as the negative particle flux measured by Analyzer B.
The detailed characteristics of the two dominant plasma clouds are shown in Figure 3 , a plot on an expanded time scale of the negative particle fluxes in five energy ranges and ion flux in a single energy range measured by Analyzer A. The plot shows clearly that the negative particle enhancement was confined to energies less than 100 ev, as the 200 ev flux remained essentially constant throughout the event. The figure also shows that to the enhancements of all the particles meas,·.red were simultaneous to within the temporal resolution of the instrument (2.4 seconds).
The negative particle spectrum is seen ( Figure 3 ) to vary throughout the event both in the magnitude of the fluxes and the shape of the spectrum. Figure 4 shows a comparison of the pre-impact negative particle spectrum and the spectrum during the enhancements. The first spectrum was measured at 00/42/38, or during the period of stable, ambient fluxes some 3 minutes prior to impact. The second spectrum was measured at 00/46/21, or during the first enhancement.
The differing spectral shapes are clearly seen in this figure.
It might well be questioned whether the flux enhancements at T + 58 and T + 74 seconds were actually initiated by the Antares impact. Indeed, in the time period of approximately 2 days following the impact event, when CPLEE was in the magnetosheath, several rapid enhancements in the lowenergy electron fluxes by up to a factor of 50 were observed.
However, these other enhancements were not correlated with positive ion flux increases, and in fact the event referred to here is the only such example of such perfectly correlated low energy ion and negative particle enhancements seen to date. In addition, careful monitoring prior to the impact revealed that the fluxes were relatively stable, constant to within a factor of 2 over time periods of a few minutes.
This lends credence to the belief that we have here a valid case of cause and effect.
Further confidence in our interpretation that the flux enhancements were artificially impact-produced rather than of natural origin is gained by noting that although no such There are two possible interpretations of these data in a gross sense, in that it can be assumed that the particles were created and energized at the instant of impact, or that the impact created an expanding neutral gas cloud, and the components of the neutral cloud were ionized and accelerated by mechanisms which were more or less continuously active and independent of the impact itself.
It is assumed that the particles were energized at the instant and point of impact by some J.m . . knmYILlll §.£.b.ai1i §IIL_ it is necessary to explain the subsequent behavior of the plasma clouds.
According to this hypothesis, the plasma clouds had an average travel velocity of ~ 1 km/sec and horizontal dimensions of 14 and 7 km respectively for the first and second clouds. Noting that the positive and negative particles appeared simultaneously, a mechanism m1~st be found to explain both the cloud containment and the relatively slow propagation velocity. It can be postulated that the positive ion directed velocity was on the order of the inferred plasma cloud propagation velocity ( ~ 1 km/sec), and then one can appeal to ambipolar diffusion to contain the negative particle component, if it is assumed that the negative particles observed were electrons. In Table 1 are listed several calculated parameters of 50 ev charged particles of various masses, and it is seen from this Table that Magnetometer (Dyal, et. al., 1970) showed a steady field of 36 ± 5 gammas, while the Apollo 14 Lunar Portable Magnetometer indicated fields in the vicinity of CPLEE ranging up to a factor of 3 higher (Dyal, et. al., 1971) . By contrast, magne:.ic field measurements by the lunar-orbiting Explorer 35 spacecraft showed values of 10-12 gammas 800 kilometers above the lunar surface (Ness, et. al., 1967) . From these data we might postulate that the plasma clouds were magnetically confined in the enhanced magnetic field close to the surface. However, recalling that according to the hypothesis the dimensions of the two clouds were 14 and 7 kilometers, and arguing that the cyclotron radii of the particles can be no larger than the cloud dimensions, it is seen from Table 1 that the ions would have to be predominately of small masses (i.e. protons). We have argued above, however, that the ions most likely have masses in the range 25-100 AMU, and these ions would have cyclotron radii (see Table 1 ) too large ay a factor of at least 5 to fit the observed data.
Therefore it appears that it is impossible to reconcile the observed data with the hypothesis that the charged particles were energized at the instant of impact and then propagated in some manner to the location of CPLEE. The time delay between impact and observation by CPLEE and the relatively short duration of the enhancements were seen to require, depending upon which mode of propagation was chosen, either extremely large ( ~ 1000 AMU) or extremely small ( ~ 1 AMU) ionic masses and it was argued that such extreme values are highly unlikely.
An alternate hypothesis is that the Lunar Module impact produced expanding gas clouds, and the components of the gas cloud were then ionized by solar photons or other mechanisms and subsequently energized by a continuously or erractically active acceleration mechanism. The fluxes were observed by CPLEE only when the expanding, annular gas cloud was in the vicinity of the instrument. Thus, according to this hypothesis, the velocity of 1 km/sec deduced from the impact. -CPLEE distance and the delay time is a characteristic velocity of the gas cloud expansion. The fact that there were two large enhancements, and by inference two gas clouds, can be explained by noting that the LM impact trajectory was at a low ( '"' 10°) elevation angle which could of course lead to secondary impacts following the primary impact.
We can only speculate as to the mechanism responsible for energization of ·the charged particles. We note that the Table 1 ), it is seen that the solar wind is energetically capable of being the energy source. Whether or not interaction between the solar wind and a gas cloud can actually accelerate particles to the observed energies and fluxes is unknown, although Alfven (1954) and Lehnert (1970) have pointed out that strong interactions may occur between magnetized plasmas and neutral gases.
In summary, these Lunar Module impact data indicate a situation of interaction between a neutral gas cloud, the solar wind, and possibly local lunar magnetic fields, offering a unique problem in plasma physics.
' ' 3. An expanded view of the data of Figure 2 , showing details of the two prominent peaks. In this figure are shown fluxes computed from 5 negative particle energy ranges and a single ion energy range.
4.
Electron spectra measured by Analyzer A for tvvo periods. The first is a few minutes prior to impact and the second is the time at the height of the first large peak in Figure 2. . .
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